INTRODUCTION
In the United States, the reported incidence of recreation-related or sports-related concussions among children and adults is approximately 3.8 million. 1 Common symptoms include headache, dizziness, and nausea, as well as functional impairments in concentration, memory, and processing. In most cases, there are no abnormalities by neuroimaging and the symptoms resolve within 1 to 2 weeks. 2 Post-concussion management involves physical, cognitive, and emotional rest. Once free of symptoms, a graded increase in exertion is recommended, with return to sport once asymptomatic at all stages. 3 Premature return to athletic participation increases the risk for post-concussive syndrome (PCS).
The pediatric athlete deserves unique attention because the child's brain may be more developmentally vulnerable. Symptom assessment must be age appropriate, and parents and teachers serve as important advocates to monitor a child's recovery within both school and social realms. 4 Underlying medical conditions may also influence the time to recovery. We present a gymnast whose post-concussive symptoms were compounded by undiagnosed autonomic dysfunction (AD), which once addressed facilitated her recovery and return to sport.
CASE REPORT
A 16-year-old female high school gymnast presented to our Sports Medicine clinic with a 3-week history of occipital headaches, exertional light-headedness, ''white outs,'' and impaired concentration and memory after a fall from a high bar without loss of consciousness. She initially sought care at a chiropractor where x-rays of the cervical spine were reportedly normal. She returned to practice within 5 days and to competition 9 days later, where she became disoriented with blurry vision, dizziness, and ''white outs'' during her floor routine.
Medical history revealed 2 previous concussions sustained at a playground and during gymnastics in the preceding 3 years with similar symptoms of a ''white out'' and no formal medical follow-up. Neither involved loss of consciousness, but residual headaches continued for 1 and 3 days, respectively, with full return to competition within a week. This history of chronic ''white out'' spells involved seconds of seeing bright light or blackness with dizziness occurring 1 to 2 times per month for several years, without a precipitating cause. Previous workups by neurology for seizures and migraines were unrevealing. Review of systems noted a tendency to overheat and dehydrate. There was no personal or family history of migraines or attention deficit hyperactive disorder. She took no scheduled medications. She did well in high school (grade point average of 3.6) with no history of substance abuse.
On physical examination, she had full strength and sensation in all extremities, intact coordination, symmetric reflexes, and normal cranial nerves. Standardized Concussion Assessment Tool testing revealed normal orientation and immediate recall but deficits with delayed recall, concentration, and mild difficulty with balance. She was diagnosed with a concussion with prolonged symptoms attributed to premature return to sport. She was counseled regarding physical, cognitive, and emotional rest with a prescribed slow titration back to full effort only as symptoms subsided.
Further workup was pursued in follow-up visits given ongoing symptoms, including magnetic resonance imaging (normal), electroencephalogram (normal), and neuropsychological testing, revealing impairments in sequencing, visual processing, attention, and recall. Given her history of temperature dysregulation and ''white out'' spells, autonomic testing was also obtained. It revealed sympathetic dysfunction with the absence of a late phase II rise in blood pressure with Valsalva, suggesting altered vascular tone and heart rate response compared with normal controls (Figures 1A, B ). She was encouraged to liberate her salt intake to mitigate the dysfunction by increasing intravascular volume.
Over the next 3 weeks, her symptoms resolved, including the episodes of ''white outs.'' Repeat neuropsychological testing observed gains in speed of sequencing, visual motor processing /coding, word retention, and reversed digit span. She slowly increased her activity through a graduated return-to-play program, with successful resumption of gymnastics. Two years after injury, she remains asymptomatic without further concussions or ''white out'' symptoms.
DISCUSSION
Concussed pediatric athletes will often experience prolonged symptoms. Furthermore, previous concussions predispose to symptoms of longer duration and greater severity. In these refractory cases, it is important to consider other underlying processes that may contribute to the symptoms, as the diagnosis of AD in this case.
Autonomic dysfunction involves defects of the parasympathetic, sympathetic, and/or enteric nervous systems. It is a known complication of moderate and severe traumatic brain injuries causing variable degrees of oscillatory blood pressure, hyperthermia, arrhythmia, and dystonia. Currently, there is no clear evidence to show that concussion causes AD. Nonetheless, there may be some similar phenomena to AD occurring within the mildly concussed brain. Leddy et al 5 proposed that neurologic symptoms seen in PCS may also be explained by transient alterations to brain metabolism and AD. Heart rate variability is a useful physiologic measure of autonomic influence on the heart in response to activity and position. Heart rate variability is reduced in severely concussed athletes with exertion, 6 and normalizes over months after injury as the brain heals. 7 Moreover, cerebral autoregulation (the ability to maintain stable brain perfusion with fluctuating systemic blood pressures) can be affected by concussion, 8 providing an explanation for PCS symptoms aggravated by premature return to exertional activities.
Given her premorbid history of ''white out'' spells, our patient's AD was likely preexisting. Nonetheless, her AD may have contributed to her concussion, exacerbated her symptoms, or limited her ability to return to gymnastics during extreme exertion. These autonomic changes help explain her dizziness, headaches, cognitive changes, and chronic ''white out'' episodes. Liberating salt intake increases intravascular volume to help compensate for altered autonomic function. Her symptoms remarkably improved after this simple intervention.
SUMMARY
Adherence to established guidelines to manage acute concussion and PCS is crucial to promote expedient recovery in pediatric athletes. Prolonged symptoms may require additional workup to uncover any underlying medical conditions that may contribute to symptom resolution. Autonomic dysfunction is not an established complication of concussion but deserves attention because it may prolong post-concussive symptoms and may contribute to the pathophysiology of the symptom complex seen in PCS. Autonomic Valsalva testing. A, Heart rate and blood pressure variability over 4 phases. Normal physiology. Phase 1: exhaling against static resistance of 40 to 50 mm Hg (Valsalva) increases intrathoracic pressure with a brief rise in blood pressure. Phase 2, early: venous return drops with a corresponding decrease in blood pressure. Phase 2, late: autonomic baroreceptors induce an increase in heart rate and vasomotor tone with a corresponding rise in blood pressure. Phase 3: the individual relaxes, decreasing intrathoracic pressure, causing blood pressure to drop slightly then increase with venous return in a persisting vasoconstricted state. Phase 4: the autonomic baroreflex induces a bradycardia to avoid overshooting the blood pressure goal with stroke volume now restored. B, Patient with abnormal absence of blood pressure rise in late phase 2.
